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RENÉ G. AARNINK, ANTON L. HUYNEN, ROBERT J. B. GIESEN, JEAN J. M. C. H. d e  l a  ROSETTE,
FRANS M. J. DEBRUYNE a n d  HESSEL WIJKSTRA
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ABSTRACT
A method for automated determination of the prostate volume based on planimetrie volumetry 
was developed to overcome subjectivity in prostate volume measurements using ultrasonogra­
phy. An edge detection method is applied to locate the prostate boundary in sequential u ltra­
sonographic images. During regular examinations, the volume was assessed automatically in 55 
patients. The Pearson correlation coefficient of the automated volume compared to the reference 
prostate volume was 0.93, The estimated ratio of the automated volume to the reference volume 
was 0.92. This method overcomes the individual subjectivity when interpreting ultrasonographic 
images, and provides accurate and objective results for followup of benign prostatic hyperplasia 
treatm ents and for comparison of multicenter trials. Also, this method is a useful tool for
objective determination of prostate specific antigen in proportion to the volume (prostate specific 
antigen density).
Key W ords: ultrasonography; prostate; image analysis, computer-assisted; prostatic hypertrophy
Prostate volume may be an important parameter in the 
investigation of patients with complaints of prostatism. It is 
used to decide between possible treatment modalities (trans­
urethral prostatectomy versus suprapubic prostatectomy) 
and also as a criterion in the evaluation and followup of 
(non)operative treatment of patients suffering from benign 
prostate hyperplasia (BPH) or prostate cancer.1 Essential to 
any clinical study of drug therapy for prostate volume reduc­
tion is an accurate and reproducible method to determine the 
decrease in size of the prostate gland at intervals. Moreover, 
volume-corrected prostate specific antigen (PSA) values can 
be useful to distinguish between patients with BPH and 
prostate cancer.2-4 Overlap in PSA levels occurs in patients 
with a normal prostate, BPH and cancer. Correction of PSA 
values for the prostate volume may improve the discriminat­
ing power.2
A rough estimate of the prostate volume will provide suf­
ficient information to select the appropriate treatment. To 
assess the efficacy of drug therapy, however, small changes 
in prostate size could be of value, and should be detectable 
and measurable. Also, for PSA density determination, accu­
rate volume measurements are necessary. Although the PSA 
serum level determination is accurate, the PSA density value 
is disturbed by an inaccurate volume estimation. In the 
literature as well as in our own experience, variations up to 30% 
are found in volume determinations caused by time pressure 
errors, interpretation differences or differences in measuring 
methods,5-12 leading to a maximum variation in PSA density of
42.9%.
Estimation of the pro static volume by digital examination 
is an inaccurate procedure.5 Other techniques have been 
proposed for volume determination, including estimation at 
cystoscopy and urethral pressure profilometry.7 Introduction 
of ultrasound for pro static imaging resulted in new possibil­
ities.2»3»6“8*13 High frequency transrectal ultrasound for 
prostate examination is largely preferred because of the 
higher failure rate of trans ab dominai ultrasound.10
Several methods using ultrasonography have been pro­
posed for volume determination including planimetrie volu­
metry that calculates the volume from the sum of sequential
Accepted for publication October 21, 1994.
areas in cross-sectional images of the prostate,13 morpholog­
ical approximation by applying the formula for elliptical vol­
ume6- 10 or variations of this formula,9 and volume estimation 
using the maximum transverse area outlined manually by 
the investigator together with the length of the prostate.6 
In the literature, studies are reported concerning reproduc­
ibility of prostate volume measurements using ultrasound. 
Fehr and Knönagel examined 23 men in stage 1 (no medica­
tion) of a drug therapy study of BPH at intervals of 2 to 4 
weeks and found a maximum variation of 13% for the volume 
in 142 evaluated suprapubic measurements.12 They con­
cluded that during drug therapy only a decrease of 15% or 
more in prostate volume is significant for suprapubic mea­
surements. Styles et al showed a Spearman rank correlation 
coefficient of 0,91 among transrectal ultrasound measure­
ments in 28 patients by 2 urologists using the elliptical 
formula.10 The mean difference in prostate volume obtained 
by 2 urologists was slight (4 ± 11 cc) but the standard 
deviation was great, reflecting a wide variation in the indi­
vidual patient.
Stone et al conducted a multicenter double-blinded ran­
domized drug therapy study with 3 methods for transrectal 
ultrasound volume determination, obtaining the prostate vol­
ume twice from every patient taking a placebo at 3-month 
intervals.11 Because planimetrie volumetry using transrectal 
ultrasound provided the lowest variability (5% volume vari­
ation in 15 patients), they concluded that planimetrie volu­
metry should be the method of choice in (multicenter) fol­
lowup of BPH treatments. Jones et al demonstrated that 
planimetrie volumetry provides good results compared to the 
actual volume when the prostate boundary is intact.8 When 
the boundary is poorly defined or not ultrasonically visible 
because of cancer unconfined by the boundary the measure­
ments were often inaccurate or impossible.
Terris and Stamey performed a study of prostate volume 
determination in 150 men undergoing radical prostatectomy 
using 15 different volume estimates.9 They concluded that 
step-section planimetry is accurate but extremely time-con­
suming, tedious for the sonographer and prolongs the dis­
comfort of the examination for the patient. They revealed 
that formula derived volumes can be used clinically. The 
dimensions needed in the formulas (transverse and antero-
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Fig. 4. Transverse volume, obtained by manual outlining in 
transverse plane, as function of reference volume for 55 patients. 
Also, ratio coefficient CRC), that is relationship between reference 
volume and transverse volume, is plotted together with range of 
standard deviation (SD).
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P ig . 5. Automated prostate volume determination (automated 
outlining in transverse plane) as function of reference volume for 55 
patients. Also, ratio coefficient CRC), that is relationship between 
reference volume and automated volume, is plotted together with 
range of standard deviation (SD).
volume smaller than 100 cc is presented, including the large 
group of patients with a volume of 50 to 100 cc. For all 
methods the average error and its standard deviation de­
crease. Also, the ratios of the different methods to the refer­
ence volume improve and for the automated method the ratio 
even reaches 1.0. The automated results for the subpopula­
tion of 23 patients with a reference prostate volume smaller 
than 50 cc are comparable to the results in the 49 patients 
with a reference volume smaller than 100 cc.
DISCUSSION
The volume results presented show that the automated 
method leads to good results when compared with the refer­
ence volume. The selection of the reference volume is based 
on the results of planimetrie volumetry obtained at our clinic 
by Hendrikx et al.16 In a cadaver study, they showed good 
correlation between the volume obtained with transrectal 
ultrasound and the prostate volume measured after prosta­
tectomy (the gold standard). The measurements with trans- 
rectal ultrasound were performed by an experienced urolo­
gist during sessions without time pressure (the same 
urologist who performed the clinical examinations). There­
fore, we concluded that the results of manual outlining by a 
urologist experienced in ultrasonography during an off-line 
drawing session in quiet surroundings can serve as a refer­
ence volume. During this session, the results obtained clini­
cally were unknown to the urologist (J. d. 1. R.).
The method for automated prostate volume determination 
is based on planimetrie volumetry. The disadvantages of 
planimetrie volumetry mentioned by Terris and Stamey9 can 
be overcome using an additional computer to the echo scan­
ner. By storing the cross sections on the computer before 
outlining the prostate contour, the time needed during the 
ultrasonographic examination is decreased. The time needed 
for outlining of the prostate contours on the echo scanner is 
estimated to be approximately 5 minutes. It takes approxi­
mately 6 minutes to obtain the result of the reference volume. 
No other time than that to store the images on hard disk 
(approximately 1 minute) is needed for the automated vol­
ume determination. Therefore, the discomfort of the exami­
nation for the patient is lessened as well as the influences of 
movement artifacts of the patient. Because the outlining is 
performed by the computer, the method is less tedious for the 
sonographer.
The results of the automated method are not dependent 
on the interpretation of the investigator but on the image 
quality and boundary presentation. For 1 patient the auto­
mated method was not able to determine the prostate con­
tours correctly because of poor image quality. In this case 
manual correction had to be performed to obtain the correct 
prostate volume. The results presented are obtained using 1 
echo scanner by 1 urologist (J. d. 1. R.) experienced in ultra­
sonography. In a multicenter trial with urologists less expe­
rienced in ultrasound, the clinical results may vary more. 
The influence of using different scanners with different im­
age representations on the accuracy of the automated 
method must be investigated.
The clinical measurements of large prostates are less ac­
curate than those of smaller prostates. These errors may be 
introduced by interpretation errors of the urologist because 
the prostate boundary is outside the focus region of the echo 
scanner.11 Besides, they may be caused by limitations of the 
volume method of the echo scanner. The maximum sphere 
that fits entirely within the cone used for volume measure­
ment has a volume of about 50 cc. Therefore, parts of the 
larger prostates will be outside this region of interest, result­
ing in a smaller volume (table 3). The volume results of 
patients with a reference volume smaller than 50 cc are 
presented in table 2. The results of all methods improve, as 
noted by the average error. Although the scanner should be 
able to contain the entire prostate in its memory, the prostate 
volume is still underestimated in the 23 patients with a 
reference volume smaller than 50 cc. The automated results 
presented in tables 1 to 4 are comparable to the results that 
Terris and Stamey found with step-section volumetry,9 al­
though the average errors are smaller in our case.
Besides determination of the efficacy of drug therapies, 
prostate volume is used to assess PSA density. The PSA 
value is often used as an initial screening parameter in the 
diagnosis of prostate cancer. PSA is produced by epithelial
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T a b l e  2, Subpopulation of 23 patients with prostate reference volume of 50 cc or less, the maximum volume of a sphere that fìts within
the cone used for volume measurements on the Kretz combison echo scanner
Reference Vol. Clinical Vol. Transverse Vol. Automated Vol.
Mean cc vol. (range) 37.2 (21-49) 28.2(18-41) 23.5(15-34) 37.2 (26-53)
Av. error ± SD (cc) -------- 9.0 ±  5.3 13.7 ± 5.6 3.5 T 2.8
Ratio coefficient ± SD --------- 0.77 ±  0.13 0.63 ± 0.12 1.00 ± 0.13
Pearson’s correlation coefficient -------- 0.79 0.74 0.86
T able 3. Subpopulation of 32 patients with prostate reference volume of more than 50 cc, the maximum volume of a sphere that ßts
within the cone used for volume measurements on the Kretz combison echo scanner
Reference Vol. Clinical Vol. Transverse Vol. Automated Vol.
Mean cc vol. (range)
Av. error ± SD (cc)
Ratio coefficient ± SD 
Pearson’s correlation coefficient
76.2 (51-172) 56.0 (35-124) 
20.0 ± 13.5 
0.73 ± 0.11 
0.91
45.2 (27-127) 
31.0 ± 14.9 
0.6 ± 0.1 
0.88
71.5(40-124) 
9.7 ± 11.0 
0.91 ± 0.15 
0.89
Table 4. Subpopulation of 49 patients with prostate reference volume of 100 cc or less
Reference Vol. Clinical Vol. Transverse Vol. Automated Vol.
Mean cc vol. (range)
Av. error ± SD (cc)
Ratio coefficient ± SD 
Pearson’s correlation coefficient
52.6 (21-97) 39.7 (18-71) 
12.9 ± 7.6 
0.76 ± 0.12 
0.91
32.2(15-62) 
20.4 ± 9,4 
0.61 ± 0.11 
0.89
52.2 (26-88) 
5.0 ± 4.1 
1.00 ± 0.13 
0.94
cells of the prostate and the serum PSA value is a reflection 
of the amount of epithelial cell mass within the gland.2 
Stamey and Kabalin showed that elevation of PSA values 
(using the Yang assay) per cc tissue in prostate cancer tissue 
(3.5 ng./ml.) is approximately 11 times greater than in BPH 
tissue (0.31 ng./ml.).4 Therefore, correction of PSA values for 
the prostate volume may enhance its discrimination possibil­
ity as a tumor marker.2 At other clinics using the Hybritech 
assay, several values have been proposed as PSA density 
ratio for benign prostates.3*19*20 These differences in benign 
PSA density ratios may be caused by the variability in vol­
ume measurements. For example, the average difference 
(-26%) in the clinical volume compared to the reference 
volume increases the PSA density ratio by 35.1%. Therefore, 
standardization of prostate volume determination is impor­
tant to compare the benign PSA density ratios at different 
clinics.
Our study shows that large variations occur in clinical 
prostatic volume determination, which may have an effect on 
PSA density measurements as a helpful tool in discrimina­
tion of benign and malignant tissue. The automated deter­
mination can overcome the human variability in prostate 
volume. However, it is generally believed that the transition 
zone is the important element in the determination of PSA 
density. The automated volume method has no capability to 
determine the volume of the transition zone and, therefore, 
the rate of improvement of PSA density as a tumor marker by 
an improved total prostate volume determination is un­
known.
differences or “time pressure” errors in the manual outlining 
of the prostate contour during clinical examinations. The 
automated method can be used to standardize the prostate 
volume assessment and, therefore, it can improve the value 
of the prostate volume as a diagnostic i) ararne ter.
CONCLUSIONS
The automated technique to calculate the volume of the 
prostate provides good results compared to the reference 
volume. The results are no longer dependent on the experi­
ence or interpretation of the urologist who performs the de­
termination. It is only dependent on gray level transitions in 
the ultrasonographic images. Only in case of poor image 
quality is manual correction necessary to obtain correct vol­
umes, For 1 of the 56 patients the automated method was 
unable to assess the volume because of the image quality and 
manual correction had to be performed.
For accurate and objective volume assessment, the auto­
mated method for prostate volume determination is a useful 
tool for the urologist. It can overcome the interpretative
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